Having a tattoo has been associated with serological evidence of hepatitis B and C viruses, as well as human immunodeficiency virus infections and syphilis; all of these are known to be transmissible by blood transfusion. These associations are of higher magnitude for individuals with nonprofessionally-applied tattoos and with two or more tattoos. Tattoos are common among drug addicts and prisoners, conditions that are also associated with transfusion-transmitted diseases. We examined the implications of these associations for the screening of blood donors in Brazil. Numbers of individuals who would be correctly or unnecessarily deferred from blood donation on the basis of the presence of tattoos, and on their number and type, were calculated for different prevalence situations based on published odds ratios. If having a tattoo was made a deferral criterion, cost savings (due to a reduced need for laboratory testing and subsequent follow-up) would accrue at the expense of the deferral of appropriate donors. Restricting deferral to more 'at-risk' sub-groups of tattooed individuals would correctly defer less individuals and would also reduce the numbers of potential donors unnecessarily deferred. Key factors in balancing cost savings and unnecessary deferrals include the magnitude of the pool of blood donors in the population, the prevalence of individuals with tattoos and the 'culture' of tattoos in the population. Tattoos can therefore be an efficient criterion for the screening of blood donors in certain settings, a finding that requires corroboration from larger population-based studies.
The treatment of severe trauma and of several lifethreatening medical conditions still relies very much on the transfusion of blood and blood products. The demand for platelet and clotting factors is also continually increasing. Although there has been some misuse related to the inappropriate transfusion of packed red cells, and there is now evidence that transfusion should be performed only at lower concentrations of hemoglobin than usually indicated in the past for elective surgery [1] and for the treatment of critically ill patients [2] , in practice alternatives to transfusion are very limited. Blood-saving measures have been developed in an attempt to decrease the need for allogenic transfusion. Pre-operative autologous donation, in which the patient donates blood in advance for his/her own use in an elective surgical procedure, is one such measure [3] . Intraoperative cell salvage, which involves the collection and re-transfusion of shed red blood cells during surgery, is a promising technique, but still complex and expensive. The present evidence indicates that acute normovolemic hemodilution does not reduce the amount of allogenic transfusion needed, and artificial oxygen-carrying solutions are still being investigated [4] . Finally, erythropoietin therapy has been shown to be effective in avoiding the need for blood transfusions in patients with chronic renal failure and cancer, but its cost has limited its widespread use [5] . The source of blood donors that is generally acceptable consists of unpaid volunteer donors. Although paid "professional" donors still exist in both developed and developing areas around the world, the use of these individuals is discouraged given that they have a higher likelihood for testing positive for transfusion-transmitted diseases (TTDs) and for being anemic due to poor nutrition and repeated donations [3] . The donation process is preceded by a pre-donation donor evaluation, which consists of an interview that aims to detect risk factors for TTDs and for blood donation itself. This is followed by the determination of the level of hemoglobin in capillary blood collected from a finger prick, for the detection of anemia. In the interview there are, among others, questions regarding the donors' sexual preference, history of previous sexually transmitted diseases, intravenous (IV) drug use history, and exposure to or medical history of diseases such as hepatitis, malaria and Chagas' disease [6] . Usually the presence of a single risk factor is enough for the deferral of the blood donor, which can be temporary or permanent, depending on the reason. Those who pass the first two steps (interview and hemoglobin determination) have about 500 ml of their blood collected into special plastic bags, but this blood is only transfused to someone after tests determine its suitability. The aim is to avoid transmission by transfusion of a number of infections, including hepatitis B virus (HBV), hepatitis C virus (HCV) and human immunodeficiency virus (HIV) infections, Chagas' disease and syphilis.
With the improvement of serological tests used for donor screening, the current risk of acquiring an infectious disease by transfusion is very low. A cohort study of recipients of over 20,000 units of blood in England did not detect a single case of TTD [7] .
However, safety of the donated blood for those who need to receive it has a cost. The cost of laboratory screening of diseases is spiraling upwards, with the addition of tests for new diseases, and with the decision to use more sophisticated (and expensive) tests to narrow down the seronegative window period and to decrease adverse reactions. In Britain the cost of a single unit of packed red cells was expected to increase from £29.14 to £78.88 from 1998 to 1999 [4] . In Brazil, in 1997 and 1998, approximately 800,000 individuals who volunteered to donate blood were rejected as donors (40% of the total), and almost 400,000 blood bags were discarded due to a positive blood test, representing a loss of about 25 million US dollars for the Ministry of Health [8] .
A way to decrease blood transfusion-related costs is to rely heavily on regular (repeat or life-long) donors. These individuals are probably the best possible donors given that they are less likely to have their blood rejected (because it has already been tested) and to a lesser extent because their incidence of symptoms related to blood-letting is lower. However, a certain percentage of new donors is always required, and an improvement in the donor selection process is a major need [6] . If, in the screening interview, people who are more likely to be deferred by a positive serological test than the general population of donors are identified, costs related to serological tests and the use of expensive plastic bags will be avoided. Therefore it is important that the information collected in the screening interview be used in the best possible way (as, until blood is collected, costs are minimal).
One question that is asked during the screening interview for blood donors is whether the individual has a tattoo, and if so whether it was done in the last 12 months. An individual in this situation is deferred temporarily until 12 months after his/her (last) tattoo, a period of time that covers the window period of negative serological tests for TTDs [9, 10] . Having a recent tattoo is a major cause of deferral in Singapore [11] . Tattoos have been shown or suggested to be associated with the transmission of HBV, HCV and HIV infections and syphilis [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . Several epidemiological studies have shown an association between tattooing and HBV [23] [24] [25] [26] [27] [28] [29] [30] , HCV [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] and HIV [41] infections. Other studies, however, have not shown or were unable to demonstrate such an association [30, [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] . Tattoos have also been associated with drug abuse and incarceration [52, 53] , which are also risk factors for several TTDs. Based on the rationale that tattoos could be used as a surrogate for these risk factors, for some time in Brazil tattooed blood donor candidates were deferred for 10 years since their last tattoo [54] . The increasing number of tattooed individuals among young adults, who represent the majority of blood donors in that country, was the likely reason why the policy has changed to temporary deferral for 12 months after the last tattoo (Brazilian Ministry of Health, internal document).
We recently carried out a cross-sectional matched study in a Brazilian hospital that aimed to assess the association between tattoos, their characteristics and the circumstances under which they were performed, and TTDs [55] [56] [57] . Based on the findings of this study, we discuss here the usefulness of using more detailed information on tattoos for the screening of blood donors in Brazil.
Materials and Methods
The data, summarized in Table 1 , are from a crosssectional matched study carried out from April, 1998, to January, 2000, in a teaching hospital in Uberlândia, Brazil [55] [56] [57] . Briefly, the study was aimed at assessing the association between tattoos and positive serological tests for TTDs (HBV, HCV and HIV infections, syphilis and Chagas' disease), and included 345 adults aged 18 years or older who were hospitalized, went to the outpatient clinic, or volunteered to donate blood. Individuals with tattoos (n=182) who gave informed consent to participate in the study were matched by sex, age and main clinical complaint to individuals without tattoos (n=163), and all the study subjects were interviewed and gave a sample of blood for the determination of serological markers of HBV infection (HBV surface antigen [HBsAg] We used the crude odds ratio point estimate of having a tattoo and testing positive for at least one serological marker of HBV, HCV and HIV infection, syphilis or Chagas' disease to calculate the total number of patients in a hypothetical population that would be deferred if having a tattoo was a deferral criterion. Based on plausible scenarios of different prevalences of TTDs and tattoos in this hypothetical population (figures that were based on previous published [58] and unpublished data and are likely to be found in a Brazilian blood bank in real life) we estimated the proportion of individuals who would be both correctly and unnecessarily deferred during the screening interview because of having a tattoo. We then assessed whether information on number and type of tattoo could contribute to improving the efficiency of the screening process. We also extrapolated some of the results for Brazil using figures that were provided by Drs. Helio Moraes-Souza and Silvano Wendel during a workshop on transfusional Chagas' disease during the Annual Meeting on Applied Research in Chagas' Disease, in Uberaba, Brazil, 1999 (unpublished data).
Results
In our cross-sectional matched study the crude odds ratio (OR) estimate of having a tattoo and testing positive for at least one serological test for a TTD was Table 1 ). In that study population having a tattoo was highly associated with IV drug use (OR: 45.84, 95% CI: 2.76, 762) and previous incarceration (OR: 28.14, 95% CI: 1.67, 476). In fact, all subjects in that study who had been incarcerated or admitted IV drug use had tattoos. Table  2 shows the expected numbers of TTD seropositive donors with tattoos in different scenarios of prevalence of tattoos among the donor population (2% and 4%) and positive screening serological tests for TTDs among the individuals without tattoos (5%, 10% and 15%). These figures were calculated for a hypothetical group of 10,000 new blood donors (number expected in a year for a medium sized blood bank in Brazil), assuming a relative risk of 3 for individuals with tattoos having a positive serological marker for at least one TTD. Taking as an example the scenario of a 4% prevalence of tattoos among the hypothetical population, and a 10% prevalence of a positive test for at least one of the TTDs the 2x2 table thus obtained is shown in Table 3 . From this table it can be calculated that if all subjects with tattoos were deferred from blood donation, 11% (120 out of 1080) of the total number of individuals who would test positive for at least one TTD (and therefore only deferred after the serological tests were performed) would be excluded from donation without having to do the blood tests, at a cost of 280 tattooed individuals who would be unnecessarily deferred. At an estimated cost of US$50 in Brazil for a battery of serological tests plus the transfusion bag, US$6,000 per year would be saved in this hypothetical blood bank. If the figures are extrapolated to Brazil as a whole, for a rough estimate of 1,400,000 new donors per year, US$ 840,000 would be saved at a cost of 39,200 individuals being unnecessarily removed from the pool of blood donors.
Our previous study on the number, type and design of tattoos and their association with TTDs was restricted, and showed, on crude analysis, that multiple tattoos and nonprofessional (as opposed to professional) tattoos were associated with positive serological tests for TTDs [55, 57] Tables 4 and  5 . It should be noted that in these tables a proportion of the individuals with tattoos became part of the reference group. Although direct comparisons between Table 3 , 4 and 5 can be criticized because the prevalence of a positive test for a TTD is artificially equal, they nevertheless give an idea of the impact of the choice of different tattoo deferral criteria. From these tables, it can be seen that the sensitivity decreases when more strict deferral criteria are adopted, from 0.11 (Table 3) to 0.05 (Table 4 ) and 0.08 (Table 5 ). On the other hand the specificity increases slightly, from 0.97 (Table 3) to 0.99 (Tables 4 and 5 ). In other words, selection of categories of tattooed individuals with a higher relative risk of testing positive for a TTD than other tattooed subjects decreases the number of individuals that should eventually be deferred from blood donation. In the examples shown in Tables 4  and 5 , deferral of those individuals belonging to the more at risk subgroups of tattooed individuals would result in a smaller loss of potential donors and some savings in terms of the costs of serological tests.
Discussion
The World Health Day 2000 had as its theme "Safe blood starts with me, safe blood saves lives", focusing on an issue that is a very important and timely public health problem. Transfusions are still widely used in medicine and surgery and they are likely to remain necessary for many years. Safe blood requires testing of donated blood for a growing number of TTDs by laboratory tests that have become more expensive as they have become more sophisticated. Providing safe Figures for tattooed and non-tattooed subjects with or without at least one positive serological test for a TTD in a hypothetical population of 10,000 blood donors with a proportion of tattoos among the donor population of 4% and a proportion of positive screening serological tests for TTDs among the individuals without tattoos of 10% Table 5 . Individuals with nonprofessional tattoo(s) compared to those with professional tattoo(s) or none with or without at least one positive serological test for a TTD in a hypothetical population of 10,000 blood donors with a proportion of tattoos among the donor population of 4% and a proportion of positive screening serological tests for TTDs among the individuals with professional tattoos or without tattoos of 10% (figures obtained assuming a relative risk of 4.3, and that 50% of the tattooed individuals have at least one nonprofessional tattoo*) [59] .
There is an obvious need for all donors to be tested for TTDs with sensitive and reliable serological tests, but efficient algorithms should be adopted so that losses of donated blood because of positive serological tests are kept to the minimum. Positive tests in asymptomatic blood donors lead to loss of valuable resources expended for the blood tests and the transfusion bag, and also create additional problems as these individuals have to have their diagnosis confirmed, which requires medical evaluation and more laboratory tests. In the United States approximately 4 percent of units are discarded because of a positive screening test (including alanine aminotransferase [ALT] testing) [60] . In Scotland approximately 1% of all donations are positive for at least one of the infections tested there [61] .
We have already pointed out that use of repeat donors should be encouraged, and that efficient selection of blood donors might benefit from improving the screening interview, or by taking better advantage of the information already collected. In this study we showed that information on tattoos, which are already considered as a reason for temporary deferral depending on when they were performed, can be useful to improve the efficiency of the blood screening process. Although our previous study has shown that the association between tattoos and TTDs is of low magnitude when confounders are taken into account (OR: 2.05, 95% CI: 1.11, 3.81) [55] (Table 1) , tattoos have an advantage over other indicators of seropositivity for TTDs, which is the fact that their presence can be objectively determined by inspection. Information on almost all the other indicators relies on the subjective responses of the interviewee, which are not always reliable. It is not unlikely, for instance, that an individual who is an IV drug user, or who adopts high risk behavior for sexual transmitted diseases, denies this behavior on interview. There is abundant anecdotal evidence that this occurs for various reasons, that go from reluctance to provide the correct information to an interviewer of the opposite sex, to intention of having their blood tested (for HIV, for instance) free of charge. Tattoos, because of their association with some of these indicators, particularly IV drug use and previous incarceration, are, in fact, surrogates for these facts.
In the example discussed here, if extrapolation for a country like Brazil is valid (we are aware of the limitations of this assumption, but it gives an idea of the magnitude of the figures involved), a substantial amount of money would be saved by using only the presence of a tattoo as a deferral criterion. Obviously a large proportion of these individuals with tattoos would be deferred for other reasons that would come to light during the screening interview, but so eventually would be a proportion of non-tattooed individuals. The use of tattoos as a deferral criterion could be adopted or not depending on the trade-off between cost savings on blood tests plus follow-up of the individuals who test positive and losses in numbers of donors. In a scenario of a large pool of potential donors that could be reached by education or by campaigns, in other words, where losses of seronegative tattooed donors would not be a burden, tattoos could be a useful screening tool for the selection of blood donors. If the number of potential blood donors is a limiting factor, deferring blood donors with two or more tattoos, or with nonprofessional tattoos (which can also be determined by inspection in the majority of the cases) could be an option. The savings in terms of dollars would not be as substantial, but the losses from unnecessary deferral of blood donors would be minimized.
Our previous study on the association between tattoos and TTDs [55] [56] [57] was limited to a single teaching hospital and blood bank in Brazil, and inferences for the whole country should be done at best very cautiously. These data suggest that a larger multisite study on the association between tattoos (and tattoo types and numbers) and TTDs should be carried out to confirm our results. A larger study could also better assess whether other information regarding tattoos, such as the tattoo design, which was not shown to be important in our study [55, 57] , can also be valid for the screening of blood donors.
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Conclusion
Limited evidence from a hospital-based study, that requires corroboration from larger population-based studies, suggests that tattoos could be an efficient (costsaving) criterion for the screening of blood donors in Brazil for settings with a large pool of potential donors. Restricting the deferral criterion to certain sub-groups of tattooed individuals could be an alternative for settings where the unnecessary deferral of seronegative donors is an issue.
